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Nicastrin is a recently identified member of high-molecular weight complexes containing presenilin. The Caenorhabditis
elegans homolog of nicastrin, aph-2, was shown to be required for GLP-1/Notch signaling in the early embryo. In addition
to the maternal-effect embryonic lethal phenotype, aph-2 mutant animals also display an egg-laying defect. We show that
this latter defect is related to the SEL-12/presenilin egg-laying defect. We also show that aph-2 and sel-12 genetically
interact and cooperate to regulate LIN-12/Notch signaling in the development of the somatic gonad. In addition, aph-2 and
lin-12/Notch genetically interact. We illustrate a new role for aph-2 in facilitating lin-12 signaling in the somatic gonad,
thus providing evidence that APH-2 is involved in both GLP-1/Notch- and LIN-12/Notch-mediated signaling events.
Finally, we demonstrate that nicastrin can partially substitute for aph-2, suggesting a conservation of function between
these proteins. © 2001 Elsevier Science
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Two unrelated proteins, LIN-12/GLP-1/Notch and
b-amyloid precursor protein (bAPP), share several unifying
features. They are both single-pass transmembrane proteins
that undergo multiple proteolytic cleavages, one of which is
presenilin-dependent (for review, see Kopan and Goate,
2000). Presenilins (Rogaev et al., 1995; Sherrington et al.,
1995) are multipass transmembrane proteins and have re-
cently been speculated to be the elusive g-secretase (Esler et
al., 2000; Li et al., 2000; Wolfe et al., 1999c) that contribute
to the generation of Ab peptides from bAPP and the Notch
intracellular domain (NICD) from full-length Notch. Prese-
nilins exist in high-molecular weight complexes with other
proteins (Capell et al., 1998; Yu et al., 1998). The identifi-
cation of these interacting proteins is essential to the final
analysis of the g-secretase complex.
Notch acts as a receptor during many cell interactions,
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654and is evolutionarily conserved. Notch proteins undergo a
series of proteolytic cleavage steps culminating in the final
ligand-dependent cleavage, mediated by presenilin, which
releases the NICD. Once released from the membrane, the
NICD translocates to the nucleus where it affects down-
stream gene expression (Kidd et al., 1998; Lecourtois and
Schweisguth, 1998; Struhl and Adachi, 1998). Since Ab is a
major component of plaques found in brains of Alzheimer’s
disease (AD) patients and both bAPP processing and NICD
production require presenilin, analysis of Notch signaling
may have implications in understanding the etiology of AD.
In C. elegans, two of the LIN-12/Notch-mediated cell fate
decisions occur during development of the somatic gonad,
and are specifically relevant to the studies discussed here.
The first cell fate decision mediated by LIN-12 in the
somatic gonad is called the anchor cell (AC)/ventral uterine
precursor cell (VU) decision. In this decision, two equiva-
lent somatic gonad cells termed Z1.ppp and Z4.aaa interact
with each other via LIN-12 so that one of them generates an
AC and one of them a VU. LIN-12 is required for the VU
fate—in lin-12(null) animals, both Z1.ppp and Z4.aaa be-
0012-1606/01 $35.00
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655LIN-12/Notch Signaling in C. eleganscome ACs. In lin-12(d) mutant animals, where LIN-12 is
constitutively active, both Z1.ppp and Z4.aaa become VUs
(Greenwald et al., 1983).
The anchor cell induces the vulva, a structure through
which mating and egg-laying take place (Kimble, 1981;
Sternberg and Horvitz, 1986). The anchor cell also plays a
role in a later aspect of somatic gonad development that
generates the uterus termed p cell fate determination.
The three VU cells (the sisters of Z1.ppp and Z4.aaa also
become VUs) each generate four intermediate precursors
which can have one of two fates, termed p and r (Kimble
and Hirsh, 1979; Newman et al., 1995). LIN-12 is re-
quired for the p cell fate. In wild type, the AC produces a
signal that is received by LIN-12 present in the VUs.
When the AC is ablated, no intermediate precursors
adopt a p cell fate. Similarly, in lin-12(0) animals, no
intermediate precursors adopt a p cell fate and in lin-
12(d) mutant animals, all intermediate precursors adopt a
p cell fate (Newman et al., 1995).
Two C. elegans presenilins, sel-12 and hop-1, were
shown to facilitate lin-12 signaling in several different
cell fate decisions (Levitan and Greenwald, 1995; Li and
Greenwald, 1997; Westlund et al., 1999). These genetic
data are consistent with the biochemical role suggested
for presenilins as part of a complex required for NICD
production. A complete understanding of Notch signal-
ing requires genetic and biochemical analysis of all
components of this complex.
Recently, a component of the high-molecular weight
complex containing presenilin was identified (Yu et al.,
2000). This protein, termed nicastrin, was found to interact
biochemically with presenilin. Deletions or missense mu-
tations engineered into a conserved motif in nicastrin were
shown to have opposite effects on the modulation of Ab
production. Nicastrin has a C. elegans homolog, termed
aph-2, that was previously shown to play a role in GLP-1/
Notch-mediated signaling in the early embryo (Goutte et
al., 2000). Further work has demonstrated that nicastrin can
physically interact with membrane-tethered Notch (Chen
et al., 2001). These results provide further support to the
idea that presenilin and its interacting proteins contribute
to both bAPP and Notch processing.
In this study, we extend the analysis of APH-2/nicastrin
and its interaction with SEL-12/presenilin. We have vali-
dated the biochemical interaction of nicastrin with prese-
nilin and with Notch by demonstrating that aph-2 and
sel-12, and aph-2 and lin-12 genetically interact. We also
demonstrate that a previously uncharacterized egg-laying
defect associated with aph-2 mutants is similar in pheno-
type to the sel-12 egg-laying defect. A defect in LIN-12-
mediated signaling is likely to be the basis of this pheno-
type. We describe a new role for aph-2 in facilitating two
LIN-12/Notch-mediated events during the development of
the somatic gonad. Finally, we show that human nicastrin
can at least partially substitute for aph-2.
© 2001 Elsevier Science. AMATERIALS AND METHODS
Genetics
Standard methods for handling and genetic manipulation of C.
elegans are described by Brenner (1974). All experiments were
performed at 20°C unless otherwise indicated. The aph-2 mutation
used in all studies in this paper is aph-2(zu181) which is a
transposon insertion mutation that results in no detectable APH-2
protein (Goutte et al., 2000). Mutations and/or strains used in this
study are: LGI: AC68 unc-29(e1072) aph-2(zu181)/unc-13(e1091)
lin-11(n566), unc-29(e1072), arIs12[lin-12(intra)] LGIII: lin-12(n302),
lin-12(n379), unc-32(e189) lin-12(n676n930), lin-12(n950) LGIV:
nIs2(lin-11::lacZ) LGX: sel-12(ty11).
Strain Construction
Strains were constructed by using standard genetic techniques.
For all double-mutant strains with aph-2(zu181), the unc-29(e1072)
aph-2(zu181) chromosome was maintained over a wild-type chro-
mosome. Every animal scored for anchor-cell or other phenotypes
was recovered and examined for the maternal-effect lethality
phenotype. Thus, recombinant animals were easily identified and
discarded. The exception is the analysis of the unc-29(e1072)aph-
2(zu181)/11; nIs2 strain. In this case, analysis of the lin-11::lacZ
expression pattern in unc-29(e1072) aph-2(zu181) animals required
fixation of the animals. Thus, recombinants between unc-29 and
aph-2 could not be identified and the data we obtained are likely to
be an underestimate of the staining defect.
For scoring of ACs, L3 animals grown at 20°C were analyzed by
using differential interference contrast (DIC) optics. For strains
containing both unc-29(e1072) and unc-32(e189)lin-12(n676n930)
chromosomes, animals were allowed to lay eggs at 20°C. The eggs
were then shifted to 25°C until the hatched animals reached the L3
stage. Strains containing arIs12 [lin-12(intra)] were grown at 15°C.
lin-11::lacZ Expression
lin-11::lacZ expression in the p cells was scored during the early
L4 stage. Unc animals segregating from the strain unc-
29(e1072)aph-2(zu181)/11; nIs2 were picked into a drop of water
on a glass slide. As a separate control, non-Unc animals were also
picked. Animals were fixed and stained with X-gal as described
previously (Cinar et al., 2001; Fire et al., 1990). Only the uterine
cells on the side closest to the cover slip were scored for staining (as
in Cinar et al., 2001).
Plasmids and Microinjection
Construction of the nicastrin D312–340, D312–369, and AAIGS
(D336A/Y337A) missense mutation constructs was described pre-
viously (Yu et al., 2000). The nicastrin extracellular (EC) con-
struct was made as follows: a 700-bp fragment was first PCR
amplified from a WT-nicastrin construct by using primers TCCCT-
GCAGCGATTTCTT and TTTTTTGTCGACTCACAACTCAAG-
CTCTTTGCTGG. This 700-bp fragment was cut with BamHI and
SalI to generate a 220-bp fragment, which was used to replace a
350-kb fragment at the 39 end of WT-nicastrin. The EC-nicastrin
construct encodes the extracellular/luminal portion of nicastrin
and stops just before the TM domain: MATAGG to SKELEL*(stop).
All cDNAs were cloned into the unique NotI site that destroys the
initiating ATG in ps12Ex (Zhang et al., 2000) by blunt-ended
ligations.
ll rights reserved.
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dominant rol-6 cotransformation marker pRF4 (Mello et al., 1991)
at 100 mg/ml into AC68 unc-29(e1072) aph-2(zu181)/unc-
13(e1091) lin-11(n566). Stable lines were established in the het-
erozygous strain. For scoring of rescue of the aph-2 egg-laying
defect, Rol Unc-29 L4 animals were picked to individual plates.
The animals were scored over 2 days for the ability to lay eggs
without bloating, as is seen in wild type. Animals were scored as
Egl1 only if they laid eggs over both days without retention or
bloating with eggs.
RESULTS
p Cell Specification Is Affected in an aph-2 Mutant
In addition to maternal-effect lethality, mutations in the
C. elegans aph-2/nicastrin gene result in an incompletely
penetrant egg-laying defect (Goutte et al., 2000). Goutte et
al. suggested that the aph-2 egg-laying defect might result
from defects in the lin-12 Notch signaling pathway because
certain reduction-of-function alleles of lin-12 result in simi-
lar egg-laying defects (Sundaram and Greenwald, 1993).
lin-12 mediates an inductive interaction between the an-
chor cell (AC) and the most proximal ventral uterine
granddaughters that specifies the p cell fate (Newman et al.,
1995); the p cells contribute to the ventral uterus. It is also
notable that the egg-laying defect in sel-12 presenilin mu-
tants has been recently identified as a lack of proper fate
specification of the p cells (Cinar et al., 2001). Thus, we
wanted to examine the egg-laying defect in aph-2 mutants
in more detail to determine whether uterine integrity was
compromised.
During development of the uterus, a subset of the p cells
make the utse, a multinucleate cell that forms a laminar
process located just dorsal to the vulva. The AC fuses with
the utse to form a proper connection between the uterus
and the vulva. In animals that have defects in p cell
specification, the thin laminar process that forms dorsal to
the vulva is not made properly and thick tissue is often seen
on the dorsal side of the vulva; in addition, the AC fails to
fuse (Newman et al., 1999). We scored unc-29(e1072)aph-
2(zu181) animals during the L4 stage for the presence of this
thin laminar process. Twenty of 43 animals (46.5%) had a
wild-type process, while the remaining 23 animals had
thick tissue separating the uterus and the vulva (Fig. 1). In
many of these affected animals, the AC was unfused and
clearly visible. In contrast, 42/42 unc-29(e1072) animals
had wild-type, thin laminar processes at the L4 stage.
Next, we looked at expression of lin-11::lacZ in the p
cells. lin-11::lacZ has been shown to be a marker for p cell
fate (Newman et al., 1999). In unc-29(e1072) animals, the
lin-11::lacZ transgene was expressed in 3.6 of 6 p cells per
side (n 5 40). This is in good agreement with previously
reported data using lin-11::lacZ (Cinar et al., 2001; New-
man et al., 1999). In unc-29(e1072) aph-2(zu181) animals,
however, lin-11::lacZ expression was only seen in 1.7 p
cells per side (n 5 34). Thus, by two different assays, p cell
specification is compromised in aph-2 mutant animals.
© 2001 Elsevier Science. Aaph-2 and sel-12 Both Regulate lin-12 Activity
Previous work demonstrated that the human homolog
of aph-2, nicastrin, physically interacts with the human
homolog of sel-12, presenilin (Yu et al., 2000). In fact,
nicastrin was identified as being a member of the high-
molecular weight complexes that contain presenilin. We
wanted to examine whether this biochemical interaction
could be validated in vivo. Although glp-1 is known to
play roles in early embryogenesis and in the mitosis/
meiosis decision in the developing germline, aph-2 mu-
tants in a glp-1(1) background only exhibit the embryo-
genesis defect. Similarly, mutations in lin-12 are known
FIG. 1. The uterine–vulval connection in L4 animals. (A) unc-
29(e1072). (B) unc-29(e1072)aph-2(zu181). The arrow points to
location of the utse that forms at the boundary between the uterus
and the vulva. During the L4 stage, a thin, laminar process forms in
wild-type animals. In many aph-2(zu181) animals, such as the one
depicted here, thick tissue forms, blocking the entrance from the
uterus into the vulva.to affect cell fate specification in the AC/VU decision, in
ll rights reserved.
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fate determination. However, sel-12 mutant animals in a
lin-12(1) background only exhibit p cell determination
defects (Cinar et al., 2001). We analyzed aph-2(zu181);
sel-12(ty11) mutant animals for enhancement of lin-12
and/or glp-1 related phenotypes not observed in either
single mutant. We did not observe any germline defects
or defects in VPC fate determination. However, we did
observe that the double-mutant animals exhibit a syn-
thetic 2AC phenotype similar to that seen in lin-12(null)
single mutants: 35/46 animals (76.1%) had 2 ACs (Table
1A). These results suggest that sel-12 and aph-2 both act
TABLE 1
aph-2 Genetically Interacts with Both sel-12 and lin-12
A. aph-2 and sel-12 Exhibit a Synthetic 2 AC Phenotype
Relevant genotype Percent 2 AC (n)
aph-2(zu181) 0 (60)
sel-12(ty11)* 1.0 (99)
aph-2(zu181); sel-12(ty11) 76.1 (46)
B. aph-2 Reduces lin-12 Activity in Some lin-12(d) Backgrounds
Relevant genotype Percent 1 AC (n)
lin-12(intra) 11.9 (42)
lin-12(intra) aph-2(zu181) 10.8 (37)
lin-12(n379) 2.2 (45)
aph-2(zu181); lin-12(n379) 28.8 (52)
lin-12(n302)* 0 (thousands)
aph-2(zu181); lin-12(n302) 4.3 (46)
lin-12(n302); sel-12(ty11) 39.4 (71)
lin-12(n950) 0 (41)
aph-2(zu181); lin-12(n950) 0 (76)
C. aph-2 Reduces lin-12 Activity in a lin-12 Hypomorph
Relevant genotype Percent 2 AC (n)
lin-12(n676n930) 27.5 (40)
aph-2(zu181); lin-12(n676n930) 69.2 (39)
Note. All strains also contain unc-29(e1072), except the two
strains indicated by an asterisk. L3 animals were scored for
number of anchor cells by using DIC optics. All animals were
then picked to a plate to determine whether they would produce
dead embryos, indicative of aph-2(zu181) being present (see
Materials and Methods). lin-12(intra) is an integrated transgene
(arIs12) containing only the lin-12 intracellular domain ex-
pressed from lin-12 regulatory sequences (Struhl et al., 1993),
and results in a gain-of-function phenotype similar to lin-12(d)
mutations. Strains containing arIs12 [lin-12(intra)] were grown
at 15°C. lin-12(n379), lin-12(n302), and lin-12(n950) are all
lin-12(d) alleles consisting of single missense, gain-of-function
mutations. Thus, in most animals, both Z1.ppp and Z4.aaa
become a VU (and have 0 AC). lin-12(n676n930) is a hypomor-
phic mutation; in approximately 30% of these animals, both
Z1.ppp and Z4.aaa become ACs. The remaining 70% of the
animals are similar to wild type and have 1 AC. Strains contain-
ing lin-12(n676n930) were scored at 25°C (see Materials and
Methods).to regulate lin-12 activity during the AC/VU decision.
© 2001 Elsevier Science. Aaph-2 Positively Modulates lin-12 Activity
To confirm the notion that aph-2 plays a role in regulat-
ing lin-12 activity during the AC/VU decision, we looked
directly for the ability of aph-2 to modulate lin-12 signaling
from hyperactive dominant lin-12 [lin-12(d)] mutations. In
lin-12(d) animals, both Z1.ppp or Z4.aaa become a VU;
therefore, in lin-12(d) animals like lin-12(n302) and lin-
12(n950), 0% of the animals have an anchor cell. In another,
weaker lin-12(d) mutant, lin-12(n379), only a small per-
centage of animals has an anchor cell (for example, see
Table 1). In the aph-2(zu181); lin-12(n379) double mutant,
15/52 animals had one anchor cell (Table 1). In the aph-
2(zu181); lin-12(n302) double mutant, 2/46 animals had an
anchor cell (Table 1B). These two animals were also able to
lay eggs. For comparison, a sel-12 mutation also shows
partial suppression of the 0% AC phenotype of lin-
12(n302): 28/71 lin-12(n302); sel-12(ty11) animals had 1
AC. Using the stronger lin-12(d) allele, lin-12(n950), how-
ever, we were unable to demonstrate any aph-2 effect on
lin-12 activity. Thus, aph-2 mutations decrease lin-12(d)
activity in the AC/VU decision, but only moderately so. By
inference, the wild-type role of aph-2 must be to positively
regulate lin-12 activity.
lin-12(d) mutations result in ligand-independent consti-
tutive lin-12 activity. These lin-12(d) mutations are all
missense mutations in the extracellular domain of the
full-length lin-12 receptor (Greenwald and Seydoux, 1990).
A truncated version of lin-12 containing only the intracel-
lular portion [lin-12(intra)] also results in constitutive
lin-12 activity when present as an integrated transgene on
arIs12 (Struhl et al., 1993). Animals carrying this transgene
exhibit the 0 AC phenotype, just like lin-12(d) mutant
animals (Table 1B). We examined the ability of aph-
2(zu181) to reduce lin-12 activity during the AC/VU deci-
sion in the lin-12(intra) background. As shown in Table 1B,
the lin-12(intra) aph-2(zu181) double mutant has a highly
penetrant 0 AC phenotype, similar to lin-12(intra) by itself.
The fact that aph-2 does not suppress this phenotype
suggests that aph-2 does not function downstream of gen-
eration of the lin-12 intracellular domain.
Next, we wanted to determine whether the ability of
aph-2 mutation to reduce lin-12 activity was restricted to
dominant alleles of lin-12. We made a double mutant
between aph-2(zu181) and the lin-12 hypomorphic allele
n676n930. Approximately 30% of lin-12(n676n930) ani-
mals display the 2 AC phenotype characteristic of lin-12(0)
animals (Table 1C, and Sundaram and Greenwald, 1993). In
the aph-2 (zu181); lin-12(n676n930) double mutant, almost
70% of the animals display the 2 AC phenotype (Table 1C).
Thus, aph-2(zu181) can reduce lin-12 signaling in both
lin-12 gain-of-function and reduction-of-function back-
grounds. Because of the synergistic effect of sel-12 and
aph-2 mutations on lin-12 activity, we conclude that sel-12
and aph-2 cooperate to regulate lin-12 signaling during the
AC/VU decision.
ll rights reserved.
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Mutant Phenotype
The human nicastrin gene and aph-2 are 22% identical
and 41% similar. Nicastrin was shown to biochemically
interact with presenilin (Yu et al., 2000). Here, we have
demonstrated that aph-2 genetically interacts with sel-12 in
C. elegans. Thus, aph-2 and nicastrin exhibit conservation
in amino acid sequence and in choice of interacting part-
ners. However, neither of these two criteria demonstrate a
conservation of function.
To assess whether aph-2 and human nicastrin are func-
tionally interchangeable, we tested the ability of human
nicastrin to rescue the egg-laying defects of aph-2 mutants.
Since we demonstrated that, like sel-12, aph-2 plays a role
in the AC/VU decision and in p cell specification, we took
advantage of the well-characterized sel-12 regulatory se-
quences (Zhang et al., 2000) to build a construct that would
express human nicastrin in the places where sel-12 is also
expressed. This construct was used to generate transgenic
animals in the strain AC68 unc-29(e1072) aph-2(zu181)/
unc-13(e1091) lin-11(n566). Transgenic unc-29aph-2 ani-
mals were cloned to individual plates and were scored for
egg-laying ability. Without a transgenic array, only 24.1%
of these animals are competent for egg-laying (Fig. 2, no
array), consistent with previous studies (Goutte et al.,
2000). As shown in Fig. 2, human nicastrin provides sub-
stantial rescuing activity of this phenotype, as 50.0–70.9%
of nicastrin transgenic animals are competent for egg lay-
FIG. 2. Effect of hNCT on aph-2(zu181) egg-laying defect. FL,
full-length human nicastrin; DYIGS, DYIGS to AAIGS missense
mutations; D340, deletion from amino acid 312–340 including the
DYIGS domain; D369, deletion from amino acid 312–369 including
the DYIGS domain; EC, deletion from amino acids 671–709 includ-
ing the transmembrane domain. Each bar represents an individual
transgenic line. The number above each bar represents the number
of animals scored. Percent rescue is indicated on the y-axis and is
expressed relative to 100% egg-laying ability of aph-2(1) animals.ing. To assess rescue at the cellular level, we crossed one of
© 2001 Elsevier Science. Athe arrays carrying human nicastrin into the aph-2(zu181);
sel-12(ty11) double mutant and scored anchor cells in L3
animals. We found that the array substantially reduced the
2 AC defect in this genetic background (Table 2), suggesting
that human nicastrin can provide some aph-2-like activity
during the AC/VU decision.
We note that we did not observe any transgenic rescue of
the aph-2 maternal-effect lethal phenotype. Also, we were
unable to generate stable transgenic lines when the aph-2
cDNA was expressed from sel-12 regulatory sequences. In a
wild-type background, this transgene resulted in animals
that produced dead embryos with a phenotype similar to
aph-2 mutant embryos. We postulate that this transgene
mediates cosuppression of the endogenous aph-2 locus, a
phenomenon that has been documented for many germ-line
active genes (Dernburg et al., 2000). However, we conclude
that, at least in the somatic gonad, human nicastrin can
function in lin-12-mediated signaling and the function of
aph-2 and human nicastrin is at least partially conserved.
The ability to observe nicastrin function in vivo has
allowed us to address some issues of structure/function
regarding nicastrin. The “DYIGS” domain in the extracel-
lular region of nicastrin is completely conserved in the
human, mouse, worm, and fly proteins and was thus
suggested to have functional significance (Goutte et al.,
2000; Yu et al., 2000). Yu et al. (2000) demonstrated that
two independent constructs which delete 57 (D312–369) or
28 (D312–340) amino acids, including the DYIGS domain,
reduced Ab secretion from cells expressing the APPswedish
variant. It was also shown that missense mutation of the
DYIGS motif to AAIGS caused a significant increase in Ab
secretion. These results led to the hypothesis that nicastrin
may play a role in presentation of substrate to the
presenilin/g-secretase complex or in the regulation of
g-secretase activity. These alterations to nicastrin, how-
ever, have little impact on NICD production in vitro (Chen
et al., 2001). We extended this analysis by examining the
functional consequences of these nicastrin variants in the
in vivo aph-2 egg-laying assay.
We expressed nicastrin cDNAs containing the D312–340
or D312–369 deletion, or the DYIGS to AAIGS missense
TABLE 2
Human Nicastrin on an Extrachromosomal Array Decreases the
2 AC Phenotype of the aph-2(zu181); sel-12(ty11) Double Mutant
Relevant genotype Percent 2 AC (n)
aph-2(zu181); sel-12(ty11) 76.1 (46)
aph-2(zu181); sel-12(ty11); ExhNCT 41.0 (41)
Note. Both strains also contain unc-29(e1072). The aph-2;sel-12
data are from Table 1 and are repeated here for ease of comparison.
L3 animals were scored for number of anchor cells by using DIC
optics. All animals were then picked to a plate to determine
whether they would produce dead embryos, indicative of aph-
2(zu181) being present (see Materials and Methods).
ll rights reserved.
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these constructs for their ability to function in the aph-2
egg-laying assay described above. As shown in Fig. 2, there
were only very slight changes in the ability of these con-
structs to function in the egg-laying assay. We conclude
that this domain does not play a critical role in enabling
nicastrin to substitute for aph-2 in the somatic gonad.
These results are consistent with the results demonstrating
that DYIGS domain variants do not significantly affect
NICD production (Chen et al., 2001).
Finally, we expressed a nicastrin cDNA from ps12Ex that
would result in a truncation of the protein immediately
preceding the transmembrane domain (see Materials and
Methods). Five out of five transgenic lines generated with
this construct displayed reduced ability to rescue the aph-2
egg-laying defect (Fig. 2, EC). However, at this point, we
cannot determine whether the nicastrin protein without
the transmembrane domain is merely unstable or is other-
wise functionally impaired. Thus, these results suggest that
an important feature for nicastrin function and/or stability
may be that it is tethered to the membrane. Alternatively,
the C-teminal cytosolic residues with or without the trans-
membrane domain may play a role in nicastrin function or
stability.
DISCUSSION
We have shown that aph-2 plays a role in lin-12-mediated
signaling in the somatic gonad during the AC/VU decision.
This novel role for aph-2 is in addition to its previously
described role in glp-1-mediated signaling in the early
embryo (Goutte et al., 2000). We demonstrated a genetic
interaction between aph-2 and the C. elegans presenilin
gene sel-12, and showed that these two genes both contrib-
ute to the facilitation of lin-12 signaling during the AC/VU
decision. Our genetic analysis of aph-2 and sel-12 provide in
vivo validation for the biochemical interactions that have
been demonstrated for their respective human homologs,
nicastrin and presenilin. Furthermore, we have demon-
strated that the molecular function of aph-2 and nicastrin is
at least partially conserved. Our results suggest that aph-2/
nicastrin plays an evolutionarily conserved function in a
variety of Notch signaling events.
We speculate that aph-2 also plays a role in p cell fate
determination. While other contributions to p cell fate
determination are possible, the simplest interpretation is
that aph-2 regulates lin-12 during this cell fate decision.
Given the observed defects in utse formation and
lin-11::lacZ expression in the uterus, the known roles of
both sel-12 and lin-12 in p cell fate determination (Cinar et
al., 2001; Newman et al., 1995), and the demonstrated
genetic interactions of aph-2 with sel-12 and lin-12 in the
AC/VU decision, it is probable that the observed aph-2
egg-laying defect is the result of reduced lin-12 activity
during p cell specification.There are several GLP-1- and LIN-12-mediated interac-
© 2001 Elsevier Science. Ations for which no role for APH-2 has been demonstrated.
While we showed aph-2 can participate in lin-12-mediated
events in the AC/VU decision and p cell fate determina-
tion, we could not detect a role for aph-2 in the lin-12-
mediated event of VPC fate determination (D.L., not
shown). Similarly, aph-2 is not essential for germ line
proliferation, a well-characterized process that is dependent
on GLP-1-mediated cell interactions (Austin and Kimble,
1987). It is possible that while APH-2 is essential for GLP-1
signaling in the early embryo, its role in other Notch-
mediated events may be simply to increase the efficiency of
signaling. Thus, in aph-2 mutant animals, lin-12 signaling
occurs with a reduced efficiency that still achieves enough
lin-12 activity to result in a wild-type phenotype for most
LIN-12-mediated events. Once the genetic background be-
comes sensitized with various mutations, this reduced
efficiency of lin-12 signaling is revealed, as in the aph-2;
sel-12 double mutants. Alternatively, maternal contribu-
tion of aph-2 may provide sufficient activity to aph-2
homozygotes derived from aph-2/1 heterozygotes so that
no phenotype is observed in these tissues. A role for APH-2
in germ line development and VPC fate determination may
yet be demonstrated using different, sensitized genetic
backgrounds.
Our data have demonstrated that the activity of APH-2 is
not limited to a specific Notch receptor or Notch ligand.
Thus, we have found that APH-2 can act in cell interactions
that are mediated by LIN-12 as well as by GLP-1, and in cell
interactions that are mediated by the LAG-2 ligand (Hen-
derson et al., 1994; Lambie and Kimble, 1991; Tax et al.,
1994) as well as the APX-1 ligand (Mango et al., 1994; Mello
et al., 1994). These data rule out the possibility that the
specificity of APH-2 function is correlated to the specific
type of ligand. Furthermore, the fact that the human form of
APH-2, nicastrin, can function in place of APH-2, suggests
that the molecular interactions of APH-2 do not involve
molecules or protein domains that are specific to C. el-
egans.
The precise role of aph-2/nicastrin in Notch signaling and
APP processing is unclear. Our results with lin-12(intra)
suggest a role for aph-2 prior to or during NICD production.
Since APH-2/Nicastrin is predicted to contain only a small
intracellular domain, APH-2 and SEL-12 may interact di-
rectly through their extracellular or TM domains. Alterna-
tively, an indirect interaction through another protein is
also possible. Yu et al. (2000) proposed that as a component
of a presenilin complex nicastrin acts to regulate the
activity of g-secretase. A more indirect role for APH-2 was
implicated by a series of mosaic blastomere reconstitution
experiments performed by Goutte et al. (2000) in which
aph-2 activity was found to function either from the signal-
ing cell or from the receiving cell to mediate GLP-1 signal-
ing in the early embryo. However, the blastomere reconsti-
tution experiments (Goutte et al., 2000) and the
mammalian cell-culture experiments (Yu et al., 2000) on
which these hypotheses are based do not necessarily reflect
the essential role of aph-2/nicastrin in vivo. Given the
ll rights reserved.
660 Levitan et al.results presented here, we are now in a position to perform
a genetic mosaic analysis of the role of aph-2 in lin-12-
mediated signaling during the AC/VU decision to ask
which cell(s) require aph-2 activity within the scope of this
well-characterized Notch signaling event.
While much work remains to be done, the work pre-
sented here suggests aph-2 may play a general role in a
variety of Notch signaling events that involve distinct
Notch receptors and distinct ligands. Our work demon-
strates that APH-2/Nicastrin acts either prior to, or at the
step of, intramembranous cleavage of the Notch receptor.
Determination of the cellular focus of this interaction as
well as identification of other components of the presenilin
complex are important next steps in deciphering the events
leading up to activation of Notch receptors.
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